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(54) Scanning system 

(57) In a system for scanning a document (43), a 
light source (22) illuminates the document; an imager 
(24, 41, 41 \ 61, 62) receives light from the document 
and directs it toward a detector array (25) which produc- 
es a corresponding array of electrical signals. The im- 
ager has several optical properties that are useful either 
individually or in combination. The imager is telocentric 
and thereby ensures that image size and magnification 
are insensitive to object displacement along the optical 
axis (46, 46*) and image brightness is uniform independ- 
ent of object off-axis distance. An aspheric element (33) 
within the imager balances focus variation (82-81-83) 



within the depth of field with spherical aberration and 
thereby provide nearly uniform image resolution. A dif- 
fraction pattern (33'), carried by the imager, corrects for 
spectral dispersion which occurs when light passes (63) 
from air into a refractive material (61 , 62). An imager 
with a reflecting surface (32, 33) provides a system that 
is subject to little or no chromatic aberration. A solid im- 
ager (61 , 62) with multiple internal reflecting surfaces 
(32, 33, 42) in optical series (32-33-32-42), configured 
to include the previously mentioned optical properties, 
also provides for highly stable alignment of reflecting 
surfaces. 
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Description 

This invention relates generally to systems lor scanning documents, and more specifically to a system employing 

particular types of imagers for a swath scanning system. 
5 Throughout this document the term imager refers to an optical device or system for receiving light from an object 

and directing light to an image. The phrase swath scanning system refers to a scanning system that serially acquires 

successive swaths of a document; such a system thus differs from a scanner that employs a linear detector array, fully 

extended across the document, to acquire entire pixel rows one at a time. 

In a pixel-based scanner, printer, copier, or fax machine, a swath consists of a number of pixel lines, modernly on 
10 the order of twenty to two hundred. In a swath scanning system the pixel columns within each swath are serially 

acquired, one pixel column at a time, by an imager and detector array which move together across the document on 

a carriage. 

This type of operation may be referred to as 'carriage scanning-, "swath scanning*, or "swath-type scanning", and 
the devices "carriage scanners", "swath scanners", or "swath-type scanners". They are also sometimes called "moving 
is scanners". 

The ability of any scanning system to reproduce a document is largely dependent on the performance of its imager. 
The typical prior art imager used in a document scanning system is purely refractive, aside from a planar folding mirror, 
and usually consists of a simple single lens or in some cases a compound lens system. Several optical characteristics 
useful in evaluating an imager's performance are set forth below. 
20 lb) Focus and resolution " Imager focus varies as a function of object location, axially, within the imager's depth 

of field. A typical prior art refractive imager has excellent focus near the center of the depth of field which decreases 
to merely acceptable focus behind and in front of that best-focus position, or in other words, near the ends of the depth 
of field. 

Closely associated with focus is resolution. Resolution is a quantitative measure of an optical system s ability to 
25 produce a sharp image of an object, imager resolution is affected by the quality of focus and, as will be seen, optical 
aberrations such as chromatic aberration. An imager with poor focus has poor or coarse resolution; an imager with 
good focus has good or fine resolution. 

When points of an object are at different locations within a typical refractive imager's depth of field, i.e. at different 
axial positions, the object rays from points near the center of the depth of field are better focused in the resulting image 
so than points farther from the center of the field. In scanning, variations in depth of field location arise when the document 
being scanned is wrinkled or misfed. The result is an image with varying focus; it is defocused at points where wrinkling 
. has displaced the document from the best focal position. 

Such a defect is particularly conspicuous when the document carries lines or edges angled very shallowly to the 
pixel grid so that serious aliasing occurs. Aliasing is smoothed out in areas that are defocused but appears plainly 
35 where the document is in sharp focus, an appearance that is both unpleasant and baffling to the casual user. 

Therefore, it is disadvantageous to use a conventional scanner imager that produces images with variable reso- 
lution, dependent on axial displacement of the object within the imager's depth of field. 

(c) Distortion - Distortion arises from variation of magnification due to (1) off-axis distance of an object point in a 
document, and (2) axial displacement of the document. A typical prior art refractive imager is subject to significant 
40 distortion from both of these causes. 

Variation of magnification with axial position arises because the primary ray from each object point is angled to 
the optical axis. Therefore fluttering or crumpling of a document, displacing any small region of the document in and 
out along the optical path, changes the off-axis distance of the intercept of the angled primary ray with the document 
surface. This change in off-axis distance amounts, for that region of the document, to variation in magnification, i.e., 
45 distortion. 

It is thus disadvantageous to use a conventional scanner imager that produces images which are distorted when 
documents are wrinkled, dependent upon both off-axis distance and axial displacement of an object. 

fd) Brightness - Image brightness varies as a function of object off-axis distance. A typical prior art refractive imager 
collects more light from object points closer to the imager's optical axis than from points farther away from the axis. 
so The result is a swath image with a bright midregion and relatively dark extremes, producing a mottled or dirty effect. 

It is therefore disadvantageous to use a conventional scanner imager that collects light nonuniformly, dependent upon 
object off-axis distance. 

(el Chromatic aberration - In a typical prior art refractive imager, chromatic aberration occurs when an object ray 
of white light refracts through the optical material of the imager. This refraction causes rays of various wavelengths to 
55 leave the material at different angles (spectral dispersion) and come into focus as points of different colors at different 
locations. 

The result is a blurred image. The amount of blur is greater for object points farther from the optical axis because 
their rays enter the imager at its extremes, where refraction is typically greater, thus again creating a patchwork effect, 
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or an overall impression of variable quality in finished copies. Accordingly, it is disadvantageous to use a conventional 

s ™t^Z! 9 «£ 2SSSS£n a document composed o, a series o, closely spaced horizon, fine, 
Further^ppofe the Lger has nonuniform brightness, chromatic aberration^ and expanse 
conditions each swath produced by the imager has dark, blurred, expansrvely spaced l,nes at the top and bottom of 
the swath, and bright, clear, narrowly spaced lines in the midregion of the swath. 

Upon reassembly of the swaths a banding effect is apparent. The document image ,s a cyclic display of dark, 
io blurred expansively spaced groups of lines alternating with bright, clear, narrowly spaced groups of fines. 

*e magS of these ejects depends on the size of the swath. The bigger the swath, the farther potnts are rorn 
the images optica, axis; accordingly, there is greater distortion at the extremes, greater d,spar,ty between the bnght- 

in a sv^m scanning system because the rate at which each pixe. is acquired is proportrcnately higher relati ve to a uH 
l^seSnner Therefore, it is disadvantageous to use a conventional scanner imager that cannot collect enough 
liaht from each pixel during the shorter exposure times needed for swath scanning. „ trar ., nlo 
20 9 h eated devices -As previously mentioned, atypical scanning system emptoys. as .ts tma^r, a s.ng.e re achve 
lensor a compound len s system. A single lens does not possess the desired characteristics. The ,mage quality of a 
sinqle lens is strongly dependent on both off-axis distance and axial displacement of an ob)ect. 

A complex compound refractive lens system has some of the desired character.st.es because .t can correc for 
someoSsdsLceeffectssuchasdistort^ 

it is disadvantageous to use an imager that is costly or sensitive. 

Sides the imager, other elements of a scanning system may compensate for poor .mager Performance ^For 
example the detector array may be calibrated to compensate tor brightness variat,on. Compensation for inefficient 
ngnTco^Sn obtained by slowing down the scanning rate, thereby increasing exposure time, or by increasing 

M ^ 25ST3S compensating for the inadequacies o, the image, create other prob.ems. A calibrated de- 

tector ar"y "s appLtion o, a weighting factor for each row in a swath, and a sizable caiibration can use up 
ime of the effective dynamic range, thereby degrading effective signal-to-noise ratio. Slower scanning speed results 
in a less efficient scanner, and greater illumination requires more operating power. 

m PrevSv unrelated devices - Not previously associated with or suggested for use in scanners are certain 
d evic L £ ShSSul optica, pr operties. Dating from Isaac Newton's astronomical telescope, it has been known 
io use nonrefracting. or reflecting, elements in imaging devices. Benefits of simple reflecting imagers include reduced 
rhromatic aberration and increased light efficiency. 

More modem imaging devices, such as the Dyson catadioptric imager and the Offner catoptric imager, have turthe 
J£%2£!^ The Dyson imager has low distortion (near uniform magnification); however. „ cannot correct 
tor ooor resolution due to axial displacement of an object within the imager's depth of field. 

^eoSoJerimager.neversuggested^ 
and the Dyson imager. It can accommodate axial displacement of an object in terms of magnification unrtorm^ but 
noUnTerms of resolution uniformity. In other words, the original Offner imager cannot produce an ,mage wrth unrtorm 

" ^p^ 

SCa T7us important aspects of the technology used in the field of the invention remain amenable to useful refinement. 
The Dresent invention seeks to provide an improved system for scanning documents. 
Iccol^ 

^ ^nVeterred embodiments, the scanning system includes a telocentric imager tor receiving light from the document 

55 of the object within the imager's depth of field, in other words, nearly distortion free. Telecentricity also inherently 
^idetSoTirgh. collection independent of object distance off the optteal axis; the result is an image with uniform 

bfi9 InTicond preferred embodiment, the scanning system comprises an optical axis, the document is subject to 
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axial displacement, and an imager for receiving light from the document and directing the light towards the detector 

^The imager preferably includes an aspheric element for introducing spherical aberration to reduce variation of 

resolution as a function of axial displacement. „«,„■, 

In particular the aspheric element introduces spherical aberration intothe imager to prov,de more unrform resolution 
independent of axial displacement of the object (due toa wrinkled or misled document) within the imager's depth of flekL 
it is preferred that the aspheric element be located at an aperture stop of the system. It is also desirable that the 

^TMurth^desirable that the imager include plural surfaces in optical series, and that one or more of the surfaces 
carry a diffraction pattern to correct spectral dispersion caused by refraction at one of the surfaces. 

In another preferred embodiment, the scanning system includes an imager, having plural surfaces in optical series, 
for receiving light from the document and directing the light toward the detector array. It also has a diffraction pattern, 
carried by one or more of the surfaces, for correcting spectral dispersion caused by refraction at one of the surfaces. 

In particular the diffraction pattern corrects spectral dispersion which occurs when light passes from air into a 
retractive material. The diffraction pattern cancels the spectral dispersion by causing the light to disperse in a direction, 
equal but opposite, to the refractive dispersion, thereby greatly reducing image blur. Again, it is desirable that the 

^ As to^Teterredembodiments of a fourth type, the system can further include a reflecting imager tor receiving light 
from the document and directing the light toward the detector array. The imager is, for example, one that obtains optical 
20 power at a reflecting surface rather than through a lens, i.e.. one whose focal elements are reflectors. 

Such an arrangement aims to provide a system that is subject to little or no chromatic aberration, as will be seen, 
it is preferably practiced in conjunction with certain other features or characteristics. 

For example it is preferred that the reflecting imager comprise plural mirrors aligned in optical series. It is also 
) desirable that the plural mirrors comprise converging mirror means and a diverging mirror. The phase "mirror means 

25 is meant to encompass a plurality of mirrors, as well as a single mirror. K .„= m ii»i 
A converaino mirror is typically thought of as a concave mirror (or a positive mirror) that causes rays of l.gh parallel 
to its axis conveTje A diverging mirror is typically thought of as a convex mirror (or a negative mirror) that causes 
ravs of liqht parallel to its axis to diverge. . 

Throughout this document, regardless of the concave or convex appearance of a mirror, the terms converging and 
30 diverging will be used to describe the properties of a mirror. For example, it will be seen that in certain solid-optical- 
block embodiments the converging mirror is. when viewed from the exterior of the solid, convex in shape; however 
when viewed from the interior of the solid it is concave. Therefore, to avoid confusion the terms concave and convex 

W '" ?|T|SSJ desirable that the diverging mirror be positioned to receive light from the converging mirror means and 
35 reflect the light back toward the converging mirror means. It is still further desirable to have a third mirror positioned 
in optical series with the converging minor means to fold the optical path. J 

It is also preferred that the reflecting imager be a solid optical material having an internal reflective surface. The 
imaqer may also have plural internal reflecting surfaces in optical series. 

It is also desirable that the solid optical material define internal converging mirror means and an internal diverging 
40 mirror. The previously introduced features concerning the position of the diverging mirror and the inclusion of a third 
mirror are also desirable in the solid-optical-material imager. 

It is furthermore preferred that the optical axis of the diverging mirror be aligned with the optical axis of the con- 

VS Tte ateo^irabte that the diverging mirror be slightly aspheric for reducing variation of resolution, as previously 
f~> 45 mentioned. It is further desirable that the diverging mirror carry a diffraction pattern to compensate for chromatic ab- 
s - erration caused by retraction at the air/surface interface, also mentioned previously. 

Additionally, it is preferred that the scanning system have means for translating the detector array and the imager 
toqether across the document to obtain a signal array representing a swath of the document. 

As to preferred embodiments of a fifth type, a system further includes an imager made of a solid optical material 
so that defines internal converging mirror means and an aspheric internal diverging mirror. The diverging mirror is posi- 
tioned to receive light from the converging mirror means, and to reflect the light toward the converging m.rror means. 

The system still further includes a carriage lor translating the detector array and imager together across the doc- 
ument to obtain a signal array representing a swath of the document. • , 
The solid configuration aims to provide for highly stable alignment, a feature part.cularly beneficial to systems used 
55 in commercial or industrial settings, and its carriage provides a mechanism for moving the imager and detector array 
across the document, thereby enabling the use of compact inexpensive lighting, optics and detectors in acquiring a 
full-page image. Nevertheless it is again preferably practiced in conjunction with certain other features or characteris- 
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companying drawings, of which: 

Fig 1 is a front e.evation ot a preferred embodiment of me invention that induces a carriage holding two pens, 
and also holding a sensor assembly with its cover in place; 

6a being unfolded, and that in Fig. 6b being folded; 

Fia 6c shows a diffraction pattern carried by the imagers of Figs. 6a and 6b 

reduced variation of sharpness along the optical axis; 

Fig 10 is a cross-sectional ray-spot diagram corresponding to Fig. 8, 

,1 i» a ..n<a awmibly 14. .hewn »ith «» oov.J 15 n P»*»; , ^ 23 ,„ hokllng 

♦wsessss assstrssssssssa^ 
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36. Note tha, the object plana 37 and the ^ge plane 35 are copfcna, making this embodiment ot the air imager 31 
symmetric. rf „ rmanrfi in .his embodiment and other embodiments, it is desirable to position Ihe ap- 

ai * p Scr^rrr;*£ri m «. ***** - «*« — «» - •» «»■ 

S^^SJSTS Th. « « *. W*. ™«0. 42 is » « •» opto. prt. —V «- 

m. pc-to o. m. ...» "^^^^ItTJZL^.. M >fov 45 h. w*m ih. (to. « W m™«y 

me .Mold ™ 8 .' 41 Ev.n pom a U» OoPoo. « U» IFOT * »■ *^ ^ ^ p .„ oimlmce 

the IFOV 4b are moren , m jn me sgme onentatlon as the imager in Fig. 2. 

imager in Fig. 4c is identical to . that d fF 9^40 «>w no^ ^ . g2 fe made Qf 

converging m rror mm»i ™V ° e *P « « assurance of stable axial alignment of the converging m.rror means 

abeSSSSS £SXISi corrected by direction as described later in this document. Hence the second 
configuration of Fig. 4c may bepar.icu.aj <^^«^ e d materia, (there is no soiid optica, materia, 
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as possible to the system axis. In the solid-fold equivalent of the Fig. 4c or.entat.on the ex.t surface 64 protrudes at 
£. M lide of he sensor assembly 14. and I prefer to narrow the optical block to reduce this width. 

^^ZS to the optica, path is increasing the distance between the object plane 37 and the 
ftom^^^TJSSS^ - mcSmo the object pfcne 37 farther from the front surface 63 .s better ob.ec, 
n^inSriJQhtlan be aimed at the document from farther back, resulting in more uniform .llum.nation. 
^^^i!^Smm^ the object plane 37. original at a distance of approximate* 13 mm Trom the 
,ron, slrface e^was moved to a distance of approximate* 22 mm. The image plane 35. while approx.mately 1 3 mm 
from the front surface 63. was placed roughly 2 mm from the top surface 64. 

iSlSSS long object path hi principle can be exploited to eliminate the folding mirror 42 .f des.red. W h 
interest ngiy xne .ong i ^ w b , d bel ween the imager and the document. Surtable 

TT™ 2 Z JZor S^1S?iSSS or the document path curved to add additional clearance. 
^ZZ^i^l S prlned embodimenls o, the imager is the ability to produce images with roughly 
unitot SSnTegardiess o, object displacement atong the optica, axis o. the imager. In the scanning context th,s 
iwr^ Hicniarpment is usualiv caused by a wrinkled or misted document. 
tW£ V rf^rnUesoTu^^ 

free of spherical aberration. Figs. 8 and 10 show rays converging at a common point near the focal plane 81 Th.s type 
- ^^^^^^^^^^ axis between the ,st extreme 
82 of the de P r o rfil and the second extreme 83. 1, is shown that the patterns vary in size. wffh the smallest crcle 
fu orrurrina at (or defininq) the nominal focal plane 81 of ihe imager. 

^ias 9 and v. [conesponding to Figs. 8 and 10 respectively) illustrate like rays in an ophcal system hav.ng sl.ght 
spherical aberra ii^TSult is a group of rays which maintain a slight scatter throughout the nom.na. foca. region. 

causes legato be redely blurred in regtons where it would otherwise be in sharper focus Th.s b.urnng effect 

alona the imaqer's depth of field, from first extreme 82' to second extreme 83. 

Co^paTno Fiqs 10 and 11 , the addition of an aspheric element has little effect on the .mages near extremes 
82 83 82 83 of he depth of field, the b.ur is only slightly wider. Near the focal planes 81 . 8V. however, the d.fference 
between Lages fs apparent, with the aspheric element causing the image to be scattered sig nif.cant* more so 
She imaqT without spherical aberration. The result is more-near* uniform resolution wrth.n the depth of held. 

stme^criZe ™ fineness of resolutton at the nominal focus accompanies this improvement in unrtormffy. as will 
be evZ from "e Istrations. An imager of this type, however, inherently has extraordinarily fine reso.ut.on; hence 
dome deliberate deqradation is acceptable for this purpose. 

The rsphe^ic element is preferably introduced at the aperture stop of me imager; this pos.fomng »>mM^ 
from alt ooints ^ ttie object will be treated consistently. The result, in particular, is that the above-descr bed axial 
2^ eta*, to. in essence, near* a focal cylinder, is reasonab* uniform for °«-™' s 
an^ntdera e skew rays. Otherwise some residua, banding, seen as periodic b.ur var.at.on could rema.n due to .n- 
r e lfforbe1ween axial dependence of resolution and position of object details within the field of v.ew. 

FoTth^Tekmed in the'art. an aspherfc diverging mirror 33 is readi* designed using a ray tracing program such 
40 as CodeV (from Optical Research Associates) or Zemax (from Focus Software), .n the followng manner. 

^TLc Z case focus within tolerance is determined for a spherical diverging mirror. The marginal transvense ray 
abeSoT^hen ^LSed to"the worst«ase-1ocus situation. The conic constant for the diverging m.rror surface « 
Then chosen sc matThe difference between the marginal transverse ray aberration and the largest zona, transverse 
rabbis approximate* one-ha.f the previous* ca.cula.ed defocused aberration of the sphencal system. 

surface figures can be used in addition to the conic constant. The imager mold, from wh.ch sol.d imagery > w II be cast, 
machine formed to inc.ude the aspheric diverging mirror 33 characteristics, as de term,ne f h ^/°" W ^ qer , njs 
Although me previous discussion of an aspheric element centered around rts use .n the solid-fold .mager. th.s 
roainrci'spnuallvaoolfcable to all imager embodiments disclosed herein. 

into the imager. The dispersion occurs as light rays enter and leave the solid optical material at ,ts planar surfaces 63. 

64. If left uncorrected this effect will result in a blurred image. nation n*ttpm 33' as illustrated 

To comoensate for this refractive effect it is desirable that the imager carry a diffraction pattern 33 as illustrated 
in Fig STTSiSto pattern 33' generates dispersion that is equal and opposes to the refractive dispersion oc- 
55 curring at the air/solid interlaces, thereby canceling the refractive dispersion. 

It is preferable to introduce the diffraction pattern 33' at the aperture stop of the imager. For 
of Fig 6c the diffraction pattern 33' is carried by diverging mirror 33. A model of the diffraction pattern 33 .s determined 
with the aid of a ray tracing program, such as those previously mentioned. 
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The diffraction pattern 33' will change the diverging power at the nominal wavelength of the diverging mirror 3a 
As a result, the curvature of the diverging mirror 33 must be altered so the total d^ergmg power of the d.ffract,ve 
diveraina mirror remains the same as that for a nondiff ractive diverging mirror. 

Like ^e prevtously discussed aspheric element, the diffraction pattern 33' and accompanying surface curvature 
modification are introduced into the imager during fabrication. Through numerically c ™< ro ^ 
the diffraction pattern 33' is diamond tooled into a mold, preferably made of nickel^oated stainless steel, from which 
numerous imagers - to be cast ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

which is formed to define the converging mirror 32 in the top face; diverging mirror 33 and object window 1 32 in the 
Sn entry face 63; image window131 in the left side, exit face 64; right side face 121, f rontface 122, rear face 123 
and folding mirror 42 bridging the right side and bottom faces 1 21 , 63. Except for the converging and diverging mirrors 

32, 33, all surfaces are planar. ~>.rr™ ao 

The exit window 131 in the left face 64 passes to the detector array the light received from the folding mirror 42. 
To reduce stray light, the top surface 64 is blackened, except for the detector array window 1 31 

TZuol^ay iight, the front surface 63 is blackened except for the ob]ect window 1 32; and the left SKie surface 
122 riant side surface 123, and bottom surface 121 are also blackened. 

'The diverging mirror 33 and converging mirror 32 are mirror coated for ninety-three percent minimum internal 
reflection across the visible spectrum. After application of the mirror coatings the backs of the coatings may be black- 
ened The angle formed at the intersection of front surface 63 and folding mirror 42 is forty-five degrees. 

Other specifications of the solid-fold imager 62 as explained above, include these approximate values: 



MILLIMETERS 



6.0 

6.0 

17.8 

16.2 

7.9 

4.1 

2.89 

10.00 

20.00 

4.4 

40.45 

20.12 

12.00 

22.00 

21.36 

21.47 



DIMENSION 



distance from centerline 141 to bottom edge of detector window 131 

distance from centerline 141 to top edge of detector window 131 

distance from apex of converging mirror 32 to remote edge of detector window 131 

distance from apex of converging mirror 32 to near edge of detector window 1 31 

distance from diverging mirror horizontal centerline 142 to top of object window 132 

distance from diverging mirror horizontal centerline 142 to bottom of object window 132 

distance from diverging mirror horizontal centerline 142 to top of folding mirror 42 

distance from diverging mirror vertical centerline 143 to left side 122 

distance from left side 122 to right side 123 

diameter of diverging mirror 33 

radius of curvature of converging mirror 32 

distance from apex of converging mirror 32 to front surface 124 

distance from apex of converging mirror 32 to remote edge of bottom surface 121 

distance from top surface 64 to bottom surface 1 21 

distance from front surface 124 to the nominal document plane 133 

radius of curvature of diverging mirror 33. ^ 



For preferred imagers disclosed in this document, the relationship between the converging mirror means 32 and 
the diverging mirror 33, and the relationship between the imager and the object plane 37 and the image plane 35, may 

be 9 Giv^ the converging mirror means 32 and the diverging mirror 33, the converging mirror 

means 32 have a radius~of curvature roughly equal to 2m. The diverging mirror 33 has a radius of curvature roughly 

^RSeTring to Fig. 3, for the air imager 31 , the distance d from the object plane 35 to the nominal front plane 40 and 
the distance s from the nominal front plane 40 to the image plane 37, satisfy the relation: 

d + s = 2m. 



Referring to Fig 6a, for the solid imager 61 , d is the distance from the object plane 35 to the front surface 63 and 
s is the distance from the front surface 63 to the image plane 37. Where n is the index of refraction of the optical 
material, the distances d and s roughly satisfy the relation: 
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d + s = 2m/n. 



For fold imagers41,62. the distances and radii of curvature are ca.cu.ated as for unfolded imagers 31. 61 respec- 
an^^culSuTe^en above are on* applicable for a very rough firstorder design. The pa- 

rameteVa^ 

™\Z^eZ^ZZTs^ system general* intended for use in a scanner; however, it may a.so he 
in the abstract accompanying this application are incorporated herein by reference. 



is Claims 

1 . A system for scanning a document (43), said system comprising: 
means (22) for illuminating the document; 



20 



T^^7S^^^ to the light hy producing a corresponding array o, 

TStSS^K 41 , 4V. 61 . 62) lor receding light .rom the document and directing the .igh. toward 
^ the detector array. 

2S 2. A system according to claim 1, wherein the imager is telocentric. 

-> a cuttlfim acc0 rdino to claim 1 or 2 operable to subject the document to axial (46. 46') displacement; the imager 
3 - Z££i fZS&IZiXm. P-.erab.y at an aperture stop, for introducing spherical aberration to reduce 
variation (82-81-83) of resolution as a function of said axial displacement. 



30 4. A system according to any preceding claim, wherein the imager comprises a plurality of optical surfaces (63, 32. 
33, 42. 64) in optical series (63-32-33-32-64). 

5 A svstem according to claim 4, wherein the imager comprises a diffraction pattern (33") carried by one (33) or more 
3S of the surf^s ^correcting spectra, dispersion caused by one (63) of the surfaces; and preferably the rmager 

. is telecentric. 

6 A svstem according to claim 4 or 5, wherein the optical surfaces comprise converging mirror means (32) arda 
ivSg n^nor (33), the diverging mirror being positioned to recerve light from the converge m,rror means and 

40 reflect the light toward the converging mirror means. 

7 A system according to claim 6, including an optical path (34-32-38/38-33-48/49-36). and wtrerein the ^ refl feting 
imager comprises a third mirror (42) positioned in optica, series with the converge m.rror means to fold the ophca. 
path (34-32-38/39-33-48/49^42-36). 

8. A system according to claim 6 or 7, wherein the optica, axis (46. 46) of the diverging mirror is aligned with the 
optical axis (46, 46') of the converging mirror means. 

9 A svstem according to any preceding claim, wherein the reflecting imager comprises a solid optical material (61 , 
so 6 2)SZ^tT^ prefeLy each of said plural optica, surfaces as a respective rnterna. reflects 

surface of the solid optical material. 

10. A system according to any preceding claim, further comprising means (11) ^2^^"^^ 
imager together across the document to obtain a signal array representing a swath (44) of the document. 

55 
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